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Abstract
Seedlings sourced through tree nurseries are expected to form an important component of future tree cover on
farms. As such, the genetic composition of nursery seedlings is expected to impact on the productivity and sus-
tainability of agroforestry ecosystems. By surveying current practices of nursery managers in ﬁve areas from
Kenya, Tanzania and Uganda, we quantiﬁed parameters associated with the collection, production and distribu-
tion of tree germplasm in East Africa. Considerable variation for seed-propagated nursery species was observed
in the number of maternal parents mother trees sampled to establish nursery lots, the quantity of seedlings
raised in nursery lots and the projected number of clients for nursery lots. Current seed collection practice was
the most obvious limiting bottleneck in delivering high levels of genetic diversity to farmers. In the 143 cases
analysed, seed to establish nursery lots was collected from a mean of only 6.4 maternal parents. In 22% of cases,
nursery lots were established from a single maternal parent. On average, each maternal parent produced suffi-
cient progeny to provide all the seedlings received by an individual nursery client. Consequently, the potential
impact on farm and landscape genetic diversity of possible non-randomisation of progeny within nurseries is
serious. In two instances, pair-wise analysis of transformed data suggested signiﬁcant differences between geo-
graphic areas in the projected number of clients for nursery lots. We discuss improved nursery practices likely to
promote genetic diversity, in particular increased maternal parent sampling and germplasm exchange.
Introduction
In areas where natural forest cover is contracting,
farmers are increasingly dependent on agroforestry
ecosystems to provide useful products and services
Simons et al. 2000. The productivity and sustain-
ability of these systems depend on the vitality of their
individual species, an essential component of which
is determined by genetic processes SGRP, 2000.
The long-term viability of on-farm tree stands
depends upon a wide genetic base providing the ca-
pacity to adapt to environmental ﬂuctuations or
changing farmer requirements. Moreover, many tree
species are out-breeding and therefore require a wide
genetic base to withstand potential inbreeding depres-
sion during generations of farmer propagation Si-
mons et al. 1994; Boshier 2000. Among other
factors, inbreeding depression may result in losses in
vigour, productivity, survival and seed set Charles-
worth and Charlesworth 1987; Griffin 1990; Turnbull
1996. Intraspeciﬁc genetic resource management
GRM therefore plays a critical role in determining
the ecological stability of agroforestry systems.
A number of authors have indicated that farmers
and nursery managers frequently collect tree germ-
plasm from a narrow range of maternal parents
Agroforestry Systems 63: 149–155, 2004.
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mother trees during propagation Kindt 1997; We-
ber 1997; Holding and Omondi 1998. In a prelimi-
nary survey of on-farm tree nurseries around Meru in
Central Kenya, Lengkeek et al. 2003 suggested that
genetic issues are of particular concern during nurs-
ery lot establishment. Germplasm used to establish
nursery lots was collected on average from 5.9 ma-
ternal parents, with a range of 1  20 trees sampled.
Of particular concern, over one third of nursery lots
examined were established from single maternal par-
ents. Furthermore, after initial farm introductions,
most germplasm for subsequent generations of plant-
ing was harvested from trees on the same farm or, less
frequently, from neighbouring farms. Data therefore
indicated that intraspeciﬁc tree diversity in on-farm
stands may be initially limited by current nursery
practices and further reduced in subsequent genera-
tions.
To more widely assess genetic concerns raised by
Lengkeek et al. 2003 this study examined tree nurs-
eries in ﬁve areas from Kenya, Tanzania and Uganda.
Our objective was to determine if common issues ap-
plied across the region, allowing general recommen-
dations for improved tree nursery GRM to be made.
Materials and methods
Nursery surveys were undertaken in ﬁve areas of East
Africa where changes in tree cover are currently oc-
curring FAO, 2001. Survey areas were selected
based on the presence of logistical support, on-going
agroforestry research and geographic spread. Areas
chosen were i Meru District, Kenya, where on-farm
nurseries were sampled across the District the same
nurseries assessed by Lengkeek et al., 2003, ii
Nairobi, Kenya, where urban and peri-urban nurser-
ies were sampled in and around Nairobi and Kiambu,
iii Kabale District, Uganda, where nurseries were
sampled across the District, including the buffer zone
of Bwindi Impenetrable Forest, iv Mabira, Mukono
District, Uganda, including on-farm nurseries in the
buffer zone to the Mabira Forest Reserve; and v
Arusha, Tanzania, where both peri-urban and rural
nurseries around Arusha were assessed.
For each area except Arusha, survey involved vis-
its to individual nurseries and interviews with nurs-
ery managers. Selection of nurseries within areas was
generally undertaken in collaboration with govern-
ment departments of forestry and agriculture, as well
as with early survey interviewees. Emphasis was
placed on private nursery operators rather than
government-operated nurseries. Depending on area,
the date of nursery visits ranged between December
1998 and April 2001. Visits in each area were timed
to coincide with rainy seasons, such that nursery
stocks were expected to be at a maximum level. At
Arusha, data were not collected by nursery visits but
rather from nursery managers during a training course
on tree nursery management held in Arusha in July
2000.
Interviews with nursery managers were normally
conducted in the local language and focused on the
two seed-propagated tree species in each nursery that
were considered by the manager to be of highest im-
portance. Occasionally, more species were included,
particularly if the number of known nurseries avail-
able for survey in an area was limited. In each case,
the interviewee was asked to provide data on i the
number of maternal parents sampled to establish a
given nursery population or lot Nm, ii the quan-
tity of seedlings in that nursery lot Ns; and iii the
projected number of clients based on experience over
previous years for the nursery lot Nc. Nursery
managers who raised trees only for their own use
were counted as single clients. On some occasions,
nursery managers were unable to estimate Nc. In other
cases, Nm was unknown because seed had been ob-
tained from non-governmental projects or seed deal-
ers, or managers could not recall from how many
trees they had sampled seed. Included in our analysis
were only those cases where Nm was available.
In order to provide some veriﬁcation of responses,
Ns values were checked directly by the interviewer in
a number of cases from each area except Arusha.
Observations generally conﬁrmed the estimates of
nursery managers. In some cases, where values for
Nm, Ns and Nc appeared unrealistic or inconsistent
for example, if Nc  Ns, data were excluded from
our analysis.
Results
Data for the region
Data on 143 cases from 71 nurseries were analysed,
representing a total of 43 species Table 1. Fifteen
species 35% were indigenous to the region accord-
ing to regional Flora, although indigenous species
represented only 27 cases 19%. The ﬁve species
most frequently represented in analysis were all ex-
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otic: Grevillea robusta, Calliandra calothyrsus,
Dovyalis caffra, Senna siamea and Cupressus lusitan-
ica 34, 10, 8, 7 and 7 cases, respectively, total N 
66; individual values not shown in Table 1. Twenty-
two species 51% occurred once only in analysis.
The mean number of maternal parents collected for
nursery lot establishment mean Nm was 6.4 N 
143. In 31 cases 22%, nursery lots were established
from a single maternal parent, of which 6 cases rep-
resented indigenous species. Considering exotic and
indigenous species separately, mean Nm values were
6.8 N  116 and 4.5 N  27, respectively. For the
ﬁve species most frequently represented in analysis,
G. robusta, C. calothyrsus, D. caffra, S. siamea and
C. lusitanica, mean Nm values were 8.6, 4.7, 21.6, 8.0
and 3.1, respectively overall mean  8.9, N  66.
Mean Nm for the 22 species that occurred once only
in analysis was 5.9. Figure 1 illustrates the numbers
of cases with particular Nm values. In only 18 cases
13% was Nm  10, while in only two cases was
Nm  30.
The mean number of seedlings raised in each nurs-
ery lot mean Ns was approximately 1,400 N 
143, with a mean of 28 clients projected to receive
seedlings from each lot mean Nc, based on the 113
cases for which client data were available Table 1.
A mean of approximately 370 seedlings was raised
per maternal parent collected for nursery lot establish-
ment mean Ns/Nm; N  143 and each client
received on average 125 seedlings from a nursery lot
mean Ns/Nc; N  113. Considering cases individ-
ually, in 106 cases N  113 the mean number of
seedlings received by clients was  Nm. In 96 and
74 cases respectively, the mean number of seedlings
received by clients was  2 Nm and  5 Nm.
Therefore, if progeny from separate maternal parents
are randomised in the nursery, individual clients will
generally receive seedlings from most of the initially
collected maternal parents. However, if randomisa-
tion is not applied, clients may receive seedlings from
considerably fewer mother trees, since mean Ns/Nc is
relatively low compared to mean Ns/Nm values of
125 and 370, respectively.
Variation among areas
The number of species represented in analysis varied
from 7 at Meru to 16 at both Nairobi and Arusha,
likely due in part to the greater overall number of
cases analysed for the last two areas see Table 1.
Considering cases where nursery lots were estab-
lished from single maternal parents, Kabale and Meru
showed the highest proportion of cases 7/15 and
7/17, respectively, with Arusha the lowest proportion
5/54.
Mean Nm ranged by area from 3.7 at Kabale to 8.2
at Arusha, while mean Ns varied from  800 at
Nairobi to  2,000 at Mabira Table 1. Between ar-
eas, mean Nc varied most widely, with values ranging
from 12 at Kabale to 81 at Meru. Within areas, Nm,
Ns and Nc values varied very widely, including for
particular species across nurseries. Data therefore
showed heavily skewed distributions and large stan-
dard deviation values Table 1. Undertaking log10
transformations resulted in more normal distributions,
suggesting statistically signiﬁcant differences be-
tween areas for log10 Nc values in two cases Meru
compared to both Kabale and Nairobi.
Figure 1. The numbers of cases with particular Nm values in a sur-
vey of seed-propagated tree species in tree nurseries from ﬁve ar-
eas in East Africa data from 143 cases in total. Nm in the number
of maternal parents collected for the establishment of a nursery lot.
a split by indigenous and exotic status, b split by frequency of
species occurrence. For further information, see Results.
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Discussion
In a preliminary survey of the Meru region of Kenya,
Lengkeek et al. 2003 indicated that germplasm to
establish nursery lots of important seed-propagated
tree species came from an average of only 5.9 mater-
nal parents. Results from the present study, which
surveyed a wide area of East Africa, conﬁrmed the
low number of maternal parents sampled for nursery
lot establishment, with a mean Nm of only 6.4. In only
two cases were seed collected from the minimum
number of 30 maternal parents recommended by
Dawson and Were 1997 for adequately capturing
genetic variation in trees. In 22% of cases nursery lot
establishment from single trees was observed. Low
mean Nm values were recorded for both exotic and
indigenous categories of trees, and for both common
and rare species. Values were low across all areas,
with the highest mean Nm value, at Arusha, being only
8.2. Our data therefore indicate clearly that current
seed collection practice may restrict on-farm tree ge-
netic diversity in the East Africa region, thereby con-
tributing a signiﬁcant risk to the productivity and
sustainability of agroforestry systems.
In the present study, the quantity of seedlings raised
in a nursery lot Ns and the projected number of cli-
ents for a lot Nc were recorded in addition to Nm. A
comparison of Nm, Ns and Nc values indicates the im-
portance of randomising progeny from different ma-
ternal parents in the nursery. If such mixing is
undertaken, clients will generally receive seedlings
from most of the maternal parents used to establish
nursery lots, thereby maximising the genetic diversity
of material distributed. However, if such mixing is not
applied for example, if a nursery lot remains strati-
ﬁed based on a number of separate seed collections,
clients may receive seedlings from considerably
fewer maternal parents than originally collected. The
wide range in Nm, Ns and Nc values observed in the
current study within areas, including for particular
species across nurseries, suggests further risks to ge-
netic diversity through bottleneck effects. Risks are
particularly high since managers, at least of on-farm
nurseries, frequently return to their own or neighbour-
ing farms for seed Lengkeek et al., 2003. Counter-
ing this, however, is the longevity of tree species,
which allows for overlapping generations and greater
effective population sizes to be established.
A number of other factors determine the extent to
which current nursery genetic management practices
for seed-propagated species impact on farm and land-
scape tree genetic diversity. First, farm inventories of
current tree cover Lengkeek et al., 2004 and the
preliminary nursery survey of Lengkeek et al. 2003
indicate the importance of other types of germplasm,
including vegetative propagules, for on-farm tree es-
tablishment. Additional research that considers sam-
pling issues for clonal material is therefore required.
Second, the impact of current practices will depend
on the origin and history of a given species. Indig-
enous species may be less sensitive to genetic erosion
because of remnant trees that input seed and pollen
into subsequent generations of on-farm material.
However, the availability of viable remnant trees at
locations will likely decrease as the time since land
clearance for agriculture increases. Loss of remnant
trees may reduce outcrossing levels Murawski et al.
1994, causing a greater proportion of overall genetic
variation to partition among maternal parents Hartl
1987. This will exacerbate diversity losses when
seed is collected from a small number of mother trees.
Exotic species depend substantially on the initial ge-
netic base of introduced material, which may already
have been narrow. This is particularly likely if intro-
ductions took place before the possible impacts of a
narrow genetic base were widely appreciated. It ap-
pears likely that the most common species detected
in the current survey, G. robusta, an exotic from Aus-
tralia, was introduced to East Africa with a rather
narrow genetic base Harwood 1992.
Third, the impact of current practices will depend
on issues of spatial scale. It was outside the scope of
the current survey to assess the detailed geographic
location of tree nurseries and their clients, but clearly
this will have an important impact on patterns of tree
genetic diversity. For example, if nursery seedlings
are distributed over wide geographic areas, a more
diverse landscape is expected than from restricted lo-
cal distribution. In the current study, peri-urban nurs-
eries surveyed from the Nairobi area likely have the
widest client distribution, since Nairobi has a national
function in tree seedling provision. Farm size will
also impact on landscape diversity because of
biological constraints to gene ﬂow that homogenises
genetic structure. Since farms are expected to be
small within the current survey areas, opportunities
exist for genetic exchange between them by pollen
ﬂow.
Based on the current study, a number of interven-
tions to increase the provision of genetic diversity to
farmers through tree nurseries can be postulated.
Lengkeek et al. 2003 indicated that during seed col-
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lection by nursery managers the number of mother
trees sampled depended at least partly on the quantity
of seed required rather than the availability of seed-
bearing trees. Thus, there appears scope to encourage
the collection of a larger number of maternal parents
during seed collection, by training of nursery manag-
ers. However, access to seed is apparently a limiting
factor in much tree planting Lengkeek and Carsan,
2003, due to low tree densities and aggregated dis-
tributions Kindt et al., 2003; Lengkeek et al., 2004.
In this situation, an appropriate intervention is the es-
tablishment of local nursery networks, through which
germplasm can be exchanged and combined. Finally,
our data indicate that encouraging nursery managers
to randomise seedlings within nursery lots may have
a signiﬁcant impact on the genetic diversity received
by nursery clients. Further research is required in or-
der to more fully understand nursery genetic manage-
ment issues in East Africa. In particular, alternative
sources of tree germplasm should be quantiﬁed, the
history of exotic introductions assessed, and the de-
tailed spatial distribution of nurseries and their clients
analysed.
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